Newly described distinct associations of HLA class II genes with ulcerative colitis (UC) (DR2) and Crohn's disease (CD) (DR1 /DQ5) provide strong evidence for genetic heterogeneity of susceptibility between these two forms of inflammatory bowel disease. A familial distribution of antineutrophil cytoplasmic antibodies (ANCAs, a subclinical marker of UC) in UC families has further implied the existence of heterogeneity within UC.
Introduction
Ulcerative colitis (UC)' and Crohn's disease (CD) are classified as the chronic idiopathic inflammatory bowel diseases 1 . Abbreviations used in this paper: ANCA, antineutrophil cytoplasmic antibody; CD, Crohn's Disease; IBD, inflammatory bowel disease; (IBD). The etiology and pathogenesis of these disorders has not yet been elucidated. Important clues have come from genetic epidemiologic studies of IBD, which have demonstrated that there is familial aggregation, an increased monozygotic twin concordance, and lack of increased risk in spouses, suggesting the importance ofgenetic factors in the etiology ofthese disorders ( ).
There is an increasing body of evidence suggesting genetic heterogeneity within IBD (1) (2) (3) (4) . If the heterogeneity model is indeed the appropriate explanation, an understanding of the etiologies of IBD will only be possible by subdividing these disorders into more etiologically homogeneous groups on the basis of both physiologic defects and genetic marker associations.
HLA class II genes are primary candidate genes for the genetic study ofIBD because they are (a) crucial in antigen recognition; (b) fundamental to the immune response; and (c) associated with various autoimmune diseases. In a previous study, we have observed distinct and different associations of HLA class II genes with UC and with CD (4) . UC was positively associated with the HLA DR2 allele and negatively associated with DR4 and DR6, while CD was positively associated with the combination of DR 1 and DQ5 alleles. These data indicate that the DR and DQ molecules separate UC and CD on genetic grounds, and that the susceptibility contributed by the HLA class II genes is quite different for the two disorders.
Antineutrophil cytoplasmic antibodies (ANCAs) were first observed as an important marker in Wegener's granulomatosis in 1985 (5) . In 1990, a distinct subset of ANCA was found to be associated with UC (6) . The prevalence of positive ANCA in patients with UC ranges from 50 to 86% (3, (6) (7) (8) (9) 
Detection ofANCAs by ELISA
The development and validation of the fixed ANCA ELISA has been described in detail elsewhere (6) . In brief, purified neutrophils from a single normal individual served as the source of antigen and were isolated by Ficoll-Hypaque (specific gravity 1.080) density centrifugation followed by dextran sedimentation of the cell pellet (10). Microtiter wells (Immulon 2; Dynatech Laboratories, Alexandria, VA) were coated with a monolayer of neutrophils by the addition of 100 til/ well of Hanks' balanced buffered salt solution containing 250,000 neutrophils. After the cells had settled and spread for 30 min at room temperature, the microtiter plates were centrifuged at 1,000 rpm (300 g) for 5 min, the supernatant was aspirated from the wells, and the plates were air dried. The cells were fixed with 100% methanol for 10 min, after which the plates were air dried and stored at -20'C. For use, the plates were brought to room temperature, and 150 Al of 0.25% BSA in PBS was added to each microtiter well for 1 h to block nonspecific binding.
The blocking material was discarded, and 100 til of test serum diluted in BSA/PBS (or BSA/PBS alone for blank wells) was added. To standardize the assay, a positive pool of sera from six individuals with ulcerative colitis (three with very high and three with intermediate levels of ANCA) was used. This was included on each microtiter plate at a dilution of 1:100. The plates were incubated for 1 h at room temperature in a humidified box. They were then washed three times with 0.05% Tween 20 in PBS (PBS/Tween), and 100 Ml/well of a 1:750 dilution of alkaline phosphatase coupled goat anti-human gamma chain specific antibody (Tago, Inc., Burlingame, CA) in BSA/PBS was added for 1 h. This antibody was discarded, and the wells were washed three times with PBS/Tween and four times with 0.05 M Tris base in 0.9 M NaCI, pH 7.5. Substrate solution ( 1.5 mg/ml disodium p-nitrophenol phosphate in 0.01 M Tris base, 0.0025 M MgCl2, pH 8.6, 100 ,gl/well) was added, and color development was allowed to proceed until absorbance at 405 nm in the positive control wells was 0.8-1.0 optical density units greater than in blank wells. Results for test sera were expressed in terms of percent of positive control after correction for background as measured in blank wells.
Confirmation ofpositive ELISA values by indirect immunofluorescence
Sera that exhibited levels of binding > 2 SD above the mean level for the normal laboratory controls at a dilution of 1/100 in the ELISA were regarded as being positive and were also examined by indirect immunofluorescence to confirm that the antibody binding was cell-specific. Cytocentrifuged smears with -100,000 neutrophils/slide were fixed in 100% methanol at room temperature and the coded sera were tested at a dilution of 1:20 and stained with fluorescein-labeled F(ab')2 gamma chain-specific antibody as described before (6) .
DNA isolation and genomic blotting
Genomic DNA was isolated from all subjects. These DNA samples were from either peripheral blood leukocytes (PBL) or EBV-transformed cell lines. High molecular weight genomic DNA was prepared from PBL according to the methods described previously with minor modifications (11, 12) . Briefly, PBL were isolated from 5 ml blood collected into an EDTA tube and were resuspended in 400 y1 of buffer (Tris-HCl, pH 8.0, 10 mM EDTA, pH 8.0, 150 mM NaCl) with 1% SDS and proteinase K (500 Ag/ml, Boeringer Mannheim Biochemicals, Indianapolis, IN). The reaction solution was incubated overnight at 60°C, followed by phenol-chloroform extraction. The DNA was precipitated with 100% cold ethanol and resuspended in buffer (1.0 mM Tris-HCl, pH 8.0, 0.1 mM EDTA, pH 8.0). About 50-100 ,ug of DNA/5 ml PBL was isolated by this protocol. DNA samples ( 10 ,ug) were digested with TaqI restriction enzyme, electrophoresed, and transferred onto MSI nylon membrane (Fisher Scientific Co., Pittsburgh, PA) using the Southern blot technique ( 13) . The cDNA probes were labeled by the random-primer method (14) , and hybridization was carried out using previously described methods ( 1 1, 12) . The DRbeta probe was prepared by digestion of DR-beta cDNA clone ( 15 ) with PstI, generating a 520-bp fragment. The DQ-beta probe was prepared by digestion of a DQ-beta cDNA clone (pII-beta-l) (16) with AvaI, generating a 630-bp fragment. The membranes were hybridized at 65°C for 12 h, and subsequently washed as follows: 2x SSC-0.1 % SDS at 65°C for 5 min twice, followed by 0.2x SSC-0. I SDS at 65°C for 5 min twice. Then the membranes were exposed with x-ray film (XAR-5; Kodak Corp., Rochester, NY) using one intensifying screen (Du Pont Pharmaceuticals, Inc., Wilmington, DE) at -70°C.
HLA typing
The double immunofluorescence procedure was used to perform HLA serologic typing for class II antigens ( 17) . Typing for the class II antigens was performed using internationally exchanged and local alloantisera developed in the HLA laboratory at Cedars-Sinai Medical Center and One Lambda (Los Angeles, CA) commercial DR trays.
DR-DQ genotyping by RFLP was carried out to detect various DRand DQ-beta alleles ( 11) . This method was used to assign alleles to individuals when serologic HLA typing could not distinguish the alleles.
Statistical analysis
The significance of any associations of HLA DR and DQ alleles with subsets of UC indicated by ANCA status was assessed using a chisquare test or Fisher's exact probability test when appropriate ( 18) .
Only four ofthe controls were ANCA positive, which was too small for (19) was performed for stratified analyses.
As the hypothesis regarding DR2 was generated from previous association studies (see ref. 4 for all relevant reports), this was considered to be a specific hypothesis and was tested individually. Corrections for multiple comparisons were made for the tests on the remaining alleles, which included six additional DR alleles (DR 1, DR3, DR4, DR5, DR6, and DR7), and five DQ alleles (DQ2, DQ5, DQ6, DQ7, and DQ8). Those alleles, DR8, DR9, and DR10, found to be extremely infrequent in both cases and controls (ranging from 0 to 2) were not individually analyzed. When corrected for the number of antigens tested, the P value is designated as Pcorr.
Results
Demographic characteristics of UC patients and controls. Among the UC patients, 78.7% (70/89) were ANCA-positive. The demographic characteristics of the patients and controls, stratified by ANCA status, are summarized in Table 1 . The sex ratio, age, age of onset, and disease duration did not differ between groups. In both the UC and control groups, it appeared that the proportion of individuals whose ancestry was Jewish was greater in the ANCA-positive group than that in the ANCA-negative group, though this did not attain statistical significance (P = 0.066 for the pooled data). In the subsequent analyses of DR and DQ associations as a function of ANCA status, we first analyzed the Jewish and non-Jewish subjects separately to identify any potential ethnic difference in such associations. Our analyses indicated that there was no significant difference between Jews and non-Jews in the HLA class II gene associations with UC or with ANCA. Thus, we report the results from the pooled sample.
HLA DR2 in ANCA-positive and ANCA-negative UC patients compared with controls. To examine any relation between DR2 and ANCA, we compared the frequency of the DR2 allele in ANCA-positive UC and in ANCA-negative UC with ANCA-negative controls. As discussed under Methods, there were only four ANCA-positive controls, which was simply too small a group to include in the comparisons. ANCApositive UC had a significantly increased frequency of DR2 compared with ANCA-negative controls (44.3% vs 21.7%, P = 0.013) (Table II and Fig. 1 ). In contrast, not only was there no difference, but there was virtual identity in the DR2 frequency between ANCA-negative UC and ANCA-negative controls (21.1 vs 21.7 %, P = 0.95). Within UC patients, the DR2 frequency in ANCA-positive individuals was more than twofold greater compared to that in ANCA-negative individuals (44.3 vs 21.1 %, P = 0.066) (Fig. 1) .
HLA DR4 and DR6 in ANCA-negative UC patients and controls. We have previously reported that frequencies of the HLA DR4 and DR6 antigens were decreased in patients with UC compared with controls (4). Thus, we investigated whether these associations were also a function of ANCA status. ANCA-positive UC had a decreased frequency of DR4 42.1 %, P = 0.004, P,0, = 0.024) (Fig. 2) . To examine the possibility of haplotype contributions, we tested these associations for the combination of DR4/DQ7 or DR4/DQ8. The data clearly showed that it was the combination of DR4/DQ8 that associated with ANCA-negative UC (P = 0.043), not the combination of DR4/DQ7 (P = 0.637) (Table II) . To further examine this relationship, we stratified on DR4 to examine the effect of DQ8, and on DQ8 to examine the effect of DR4. This stratified analysis (Mental-Haenszel test) suggested that the association effect is stronger with the DR locus (data not shown). The overall effect of DR6 was different. There seemed to be no differential association with DR6 between ANCA-negative UC and ANCA-positive UC, with both exhibiting a reduced frequency compared to controls (Table II) . HLA DRI and DQ5 in ANCA-negative UC patients and controls. To further investigate the HLA class II gene associations with ANCA-negative UC, we also examined DR1 and DQ5 in the ANCA-negative cases, since these two alleles were found to be associated with Crohn's disease (4, 20 
Discussion
In this study, we have investigated the hypothesis that the heterogeneity within UC indicated by the presence or absence of ANCA has a genetic basis. Our data demonstrate that ANCApositive UC and ANCA-negative UC are genetically distinct subgroups of UC: ANCA-positive UC is associated with DR2, while ANCA-negative UC is not. Thus, the positive association of UC with DR2 observed in previous studies appears to be contributed by ANCA-positive UC patients.
It has been noted that the frequency of positivity of ANCA in UC patients varies from population to population. For example, it was -50% in France (21 ) and England (8) , and -70% in most U.S. Caucasian patients (3, 6, 7) . Such different prevalences ofANCA in different UC populations may well be determined by the genetic differences in UC susceptibility genes presumably linked to the HLA class II genes in these UC populations. Further studies across populations are needed to characterize the underlying mechanism of population differences in the frequency of ANCA.
Further genetic differences between ANCA-positive UC and ANCA-negative UC were also suggested by the data from the DR4, DRl, and DQ5 alleles. Most prominently, there was a large difference in DR4 frequency between the ANCA-negative and ANCA-positive UC (42.1 vs 12.9 %, P = 0.004). It could be argued that the observation of an increased frequency of DR4 in a UC subgroup is an unexpected finding, and would need to be corrected for the number of DR antigens examined, in this case six. The comparison still remains statistically significant after such correction (adjusted P0.ff = 0.024). These data suggest that associations (positive/negative) between DR4 and UC taken as one group will be dependent on the ANCA status of the individuals tested. Additional studies with large samples ofANCA phenotyped patients will lead to a better characterization of the DR4 associations with UC.
The DR4 associated with DQ8 seems to be primarily responsible for the ANCA-negative UC susceptibility, rather than the DQ7 associated DR4. A similar DR4/DQ8 association has been observed in another autoimmune disease, insulin dependent diabetes mellitus (IDDM) (22) . Furthermore, a large patient series indicated that UC (but not CD) is associated with a number of organ specific autoimmune disorders (23 ), including thyroid disorders, autoimmune hemolytic anemia, IDDM, rheumatoid arthritis, and systemic lupus erythematosus; and some of these autoimmune diseases are asso-ciated with DR4; e.g., IDDM and rheumatoid arthritis (24) . Likewise, another DR2-associated disease, multiple sclerosis (24) , has been found to be clinically associated with IBD (25), particularly with UC (26). These data suggest that both forms of UC, ANCA-positive and ANCA-negative, have an HLAlinked basis, but that it is very different for these two forms of UC: the former is associated with DR2, whereas the latter is associated with DR4. What may be emerging is that in disease susceptibility, and possibly in disease pathogenesis, DR2 associated ANCA-positive UC may overlap with multiple sclerosis, and DR4 associated ANCA-negative UC may overlap with very different autoimmune disorders.
In previous studies by ourselves and others (4, 20) , DR1 and DQ5 were found to be positively associated with Crohn's disease, but no association was observed with UC considered as one entity. Ofinterest, such associations did appear among the ANCA-negative UC patients in this study, although they did not attain statistical significance. The frequencies of these alleles in the ANCA-negative UC patients were very similar in magnitude when contrasted to those previously reported in Crohn's (4) (ANCA-negative UC vs CD-DR1: 31.6 vs 28.4 %; DQ5: 47.4 vs 41.1 %; DRI/DQ5: 26.3 vs 27.4 %). Clinically, UC and CD can be distinguished in most cases by the course of the patient's illness, sites ofbowel involvement, together with a combination of laboratory, radiologic, endoscopic, and histologic findings. Genetically, UC and CD may overlap, since the concurrence of both UC and CD in the same family is far greater than that which would be expected by chance alone ( 1, 2, 27, 28 ). Yet UC and CD seem to have entirely different HLA class II associations: DR2 with UC, DR1 /DQ5 with CD (4, 20) . The observations in this study, if confirmed, suggest one potential explanation that can resolve these seemingly contradictory observations. The overlap may be caused by ANCAnegative UC (or a subset ofANCA-negative UC) sharing some ofthe HLA class II alleles and thus having a similar underlying genetic pathogenesis as CD. Family studies will be needed to untangle such a mixture of heterogeneous IBD.
In summary, with the combination of a subclinical marker (ANCA) and molecular genetic markers (HLA-DR, -DQ alleles), genetic heterogeneity has been demonstrated within UC. There are at least two genetically distinct disorders which present with clinical features of UC: ANCA-positive UC and ANCA-negative UC, the former clearly associated with DR2, the latter likely associated with DR4. In addition, the observation that ANCA-negative UC exhibited similar magnitudes of association with the DRl and DQ5 alleles as Crohn's disease suggests the hypothesis that a subset of ANCA-negative UC may share common genetic predispositions with CD.
